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Abstract 
The lake investigated (Lake Heiliger See near the town of Angermiinde, North-East Ger- 
many) is small (10.2 ha) but deep (Zmax = 12 m, ~ = 6.5 m). During summer the thermocline is 
at a depth of 4-5 m, and the hypolimnion is filled with H2S already by mid-June, making 
60-75% of the bottom area inaccessible tofish. The native fish fauna is dominated by plank- 
tivorous roach (Rutilus rutilus). A test stocking of silver carp (Hypophthalmichthys molitrix) 
together with an unplanned and mToneous stocking of common carp (Cyprinus carpio), cou- 
pled with an incorrectly calculated strong stocking of eel (Anguilla anguiIIa), which assumed 
that he total ake area yielded fish food organisms, brought about a strong depression of the 
food biomass available to native fish. Both silver carp and common carp showed apattern of 
behaviour which only partly agreed with results obtained in experimental ponds prior to lake 
stocking. At least for 10 years there was a very low zooplankton biomass (mostly below 
1 mg/1 fresh weight) caused by silver carp and a strongly reduced benthos biomass (frequent- 
ly below 1 g/m 2 fresh weight) caused by common carp and eel on H2S-free bottom areas. De- 
spite this extreme situation, which lasted for 20 years and is rarely found in lakes elsewhere, it 
was not possible to demonstrate n gative ffects on the native fish fauna comprising 16 
species. Also the dominance pattern seems uninfluenced in the long run. A strong decline of 
the catchable roach stock was observed for some years, but the stock reappeared soon in com- 
parable quantity. During the time of roach stock depression the individual growth of roach 
(and common carp) was particularly ow. Nevertheless, roach succeeded inreproduction dur- 
ing this time in spite of the reduced zooplankton and detritus concentrations. Fry numbers per 
year ranged from 500-15 000 individuals/ha. The pike perch (Stizostedion lucioperca) was 
perhaps the most endangered species of all those living at small population umbers in the 
lake, since its fry is confined to the limnion where competition from silver carp and adult 
roach and perhaps predation by roach is highest. However the pike perch stock remained un- 
changed at the low level of 1950, the time prior of carp and eel stocking. All other are species 
of Lake Heiliger See spawn in the littoral zone where fry survival conditions were less im- 
pacted. In summary, we present more evidence that he fish fauna of cyprinid lakes is more ro- 
bust than in salmonid lakes. The regulation capacity of fish communities ofeutrophic lakes 
seems to be able to offset even severe direct and indirect influences of fisheries management. 
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Introduction 
In former East Germany, a program of common carp 
(Cyprinus carpio) culture in lakes was initiated in the 
1960's. The renunciation fpreliminary scientific studies 
and a follow up monitoring soon proved to be a severe 
drawback. Most of the lakes chosen for study had to be 
abandoned due to poor recatch rates and insufficient 
knowledge of biological production processes following 
common carp stocking (FUHRMANN 1967). From 1970, at 
the time of testing of Asian silver carp (Hypoph- 
thalmichthys moIitrix) and bighead carp (Aristichthys no- 
bilis), attempts were made to avoid these problems. But 
there was no experience with these exotic filter feeders 
available to lake fisheries in middle Europe. Only a com- 
prehensive preliminary scientific study could lay the 
basis for successful introduction and avoid the severe 
negative cological impacts, which had already been re- 
ported in the literature of the period for several exotics 
(e.g. KARPEVI~ 1966). Therefore, a detailed fish-ecologi- 
cal program to clarify fundamental questions was started. 
First, essential parameters (growth and its vectors, feed- 
back on structure and function of aquatic ecosystems, 
competition against other species) were studied in exper- 
imental ponds, where graduated stocking densities of dif- 
ferent year classes or size groups could be evaluated 
under comparable nvironmental conditions. On the 
basis of these results, in a number of appropriate lakes, 
stocking experiments were carried out. Due to the indi- 
vidual features of each lake, such experiments are con- 
sidered to have reduced statistical evidence (CARPENTER 
1989), and in order to further reduce this drawback and to 
enable the set up of useful practical variants with opti- 
mum stocking densities, partially extreme stocking den- 
sities were applied (e.g. BARTHELMES et al. 1982; 
BARTHELMES 1984). For each experimental l ke struc- 
tural and functional components were monitored and in- 
terpreted inrelation to the experimental results in ponds. 
However, the reaction and development of the indige- 
nous fish community inresponse to the introduction, has 
not been previously evaluated. Here we review data 
from one of the experimental l kes, Heiliger See, where 
both historical data and current fish faunistic surveys 
give an unusually long total period of observation. Si- 
multaneously, relatively high fishery intensities were ap- 
plied to this lake, resulting in exaggerated ffects com- 
pared to exclusively extensive fishing activities in lakes 
at present, where impacts would remain less obvious. 
Material and Methods 
Morphological, physical und chemical parameters 
The study lake, Lake Heiliger See, is situated in north 
east Germany near the town of Angermiinde, roughly 
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100 km north of Berlin. A summary of the most impor- 
tant lake parameters are given in Table 1. Details are dis- 
cussed in context of the fisheries management. 
The depth profile of the lake was mapped by an 
echosounder "Atlas Monograph 658M" in transects of 
50-100 m distance. Vertical temperature profiles were 
recorded at least hree times per season (May, June, Au- 
gust) at the deepest point by the use of a Ruttner-sam- 
pler. The same samples were tested for H2S after re- 
lease into a bucket. Occasionally, a white lead rope ac- 
cording to Wt~NDSCI4 (1927) was used for the same pur- 
pose. Just three samples per season are a minimum ef- 
fort, but may give an insight into fundamental relations 
of the system (BARTHELMES 1992). This is also true for 
the chemical trophic related parameters total phospho- 
rus (TP) and chlorophyll-a (Chl.a) as well as seston dry 
weight (DW). In consideration f the low sampling in- 
tensity per season it was felt particularly important to 
carefully choose representative sample sites. The ex- 
tent of vertical and horizontal patchiness of plankton 
can reach considerable dimensions (e.g. COLEBROOK 
1960; BARTHELMES 1960; SCHR(3DER 1961; STANGE- 
BURSCHE 1963; GOLDMANN 1968; GEORGE 1981; HORN 
et al. 1987). In order to overcome this problem, sam- 
ples were collected at a minimum of four remote sites 
from a drifting boat and pooled. Sampled water was 
pumped through a tube with a transparent funnel at its 
end to minimize scape of large zooplankton (ELSTER 
1958). The funnel was sink consistently to the lower 
border of the epilimnion and following lifted to the sur- 
face. The hypolimnion was filled with H2S during sum- 
mer and carried an extremely high TP concentration. To 
prevent incorporation ofhypolimnic water in the sam- 
ples, seiche movements of the thermocline, which 
showed an amplitude of up to 1 m in stronger winds, 
were accounted for. For transport, ransparent 2-liter 
bottles were filled with water from pooled samples and 
kept in diffuse daylight with natural day - night 
changes to minimize changes in Chl.a content. Process- 
ing of samples and analyses of TR Chl.a and DW 
(ANONYMOUS 1970-1976 and DIN 38405, Part 11, 
October 1983) always began the following morning. 
Lake inflow rate was measured by surface flow rate. 
At the same time, the TP concentration f inflow water 
was recorded. 
Phytoplankton 
Pooled water samples were fixed with Lugols solution 
and processed according to UTERM~3HL (1958). After 24 
hours species on the bottom and at the surface were 
identified and counted in 10 squares of 0.1 x 0.1 mm. 
Large and rare phytoplankton species were counted ei- 
ther in 4 diametrical counts over the entire chamber or 
recorded uring zooplankton counts (e.g. Ceratium, 
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Gymnodinium). Phytoplankton cell counts contain val- 
ues for single cell forms and cells aggregated in colonies 
or filaments. Since 1987 (end of Chl.a measurement) 
cell counts have been transformed into wet biomass 
(biovolume) by relating cells to common geometric bod- 
ies. 
Zooplankton 
Zooplankton was sampled with the described funnel- 
tube-pump-system. After stirring, 10 1 of the pooled 
sample were filtered through aplankton et of 25 ~m 
mesh size. For an additional sampling of large zooplank- 
ton (larger Daphnia spec., Leptodora, Chaoborus and 
others), a 1.5 m long plankton et with an opening of 
0.25 m 2 was used for vertical samples between 4 m 
depth and the surface. Despite a mesh size of 0.7 mm 
this net yielded only a small proportion of large zoo- 
plankton caught by the pump-system. Therefore only 
pumped samples are considered in this paper. They ac- 
count for the epilimnion layer of the lake, where all 
limnic fauna with an aerobic metabolism has to concen- 
trate during summer because of H2S enrichment in the 
hypolimnion. 
When fry of cyprinids appeared, zooplankton was 
sampled with a transparent tube of 4 cm diameter in the 
spawning region along the shore according to 
BARTHELMES (1966). Because of the shallow littoral 
area, 20-30 random samples distributed over the entire 
littoral zone were pooled in a 10 litre bucket. After fixa- 
tion with formalin and addition of a few drops of ten- 
sides to prevent cladocerans sticking to the surface, fil- 
tered samples were filled up to 100 ml. After mixing the 
sample by air injection, 3to 4 times 2.5 ml were counted 
for zooplankton under a microscope, followed by deter- 
mination of species or genus. Biomass was calculated 
from pooled samples over a season (May-September). 
Measurement of body length was done following 
BOTTRELL et al. (1976). Cladocerans and copepods were 
classified in size groups with a distance of 144 gm and 
transformed into fresh weight according to the more pre- 
cise relations of BALUSCHKINA & VINBERG (1979). Rota- 
toria were calculated following BOTT~ELL et al. (1976). 
The calculations of cladocerans and copepods are based 
on consecutive measurements of 5-10 individuals per 
species and size group. Rotatoria were measured to the 
same extent, but only Asplancha nd the 4-6 most fre- 
quently categories (>50 specimen/l) were considered. 
Table 1. Summary of fishecological and limnological data of Lake Heiliger See. 
Physiography 
Phytoplankton and trophic state 
Zooplankton 
Macrozoobenthos 
Native fish fauna 
Spawning substrate for litoral spawners 
Amount of roach fry 
Fisheries management 
A = 10.2 ha, 2 = 6.5 m, z ma× = 12 m, U = 1.3 km, depth zone 0-2 m = 9.5% of entire surface area, 
thermocline in 4-5 m depth, hypolimnion filled with H2S from mid June, 60-75% of area in H2S re- 
gion, 2.5-3.3 ha of lake bottom accessible to fish over the whole year, 25-50% of volume filled with 
H2S, H2S-regime documented since 1951, full circulation in autumn without fish losses, no H2S during 
winter, water exchange time appr. 1 year, conductivity =831 pS/cm, average TP inflow = 137 pg/I, hy- 
polimnic stratification of inflow, outflow due to riprap not passable for fish except elvers and preadult 
eels, inflow running through a pipeline appr. 70 m in front of mouth and blocked upstream by an arti- 
ficial waterfall of > 3 m height 
Estimation of primary production according to KOSCHEL et al. (1981) appr. 250-300 g C/m 2. a, domi- 
nant groups: Microcystis and Osdllatoria, cell count numbers up to > 1 Mio./ml, biomass 
3.8-15.4 mg/I fresh weight (1987-1990), average TP-concentration = 76 pg/I, average 
Chl.a = 32 pg/I, average Secchi depth = 0.98 m, average seston dry weight = 9.6 mg/I (all data for 
period 1978-1989) 
Dominant: Bosmina Iongirostr/s and rotator/a, biomass mostly < 1 mg/I fresh weight 
Dominant: Chironomus plumosus in epilimnic region of bottom, Chaoborus in hypolimnion, total 
biomass often < 1 g/m 2 fresh weight 
16 species, strong dominance of roach (Rut//us rutffus), additional character species: eel (Anguilla an- 
guilla), perch (Perca fluviatilis), pike (Esox ludus), pikeperch (5tizostedion lucioperca) 
Absence of submerged macrophytes at least since 1951, emerged macrophytes rare, reed belt 
(Phragmitesaustralis) in 1951 narrow but very compact, between 1965-1980 eradication due to in- 
vaded muskrat, available spawning substrate thereafter confined to submerged stubble-fields, dry 
wood, few willow shrubbery, alder roots and sandy-muddy bottom 
Comparable to other eutrophic lakes 500-15 000 fry/ha*a 
Extensive carp culture (Cypr/nus carp/o) until 1983 and further tapering off, 1977-1999 (and taper- 
ing off?) experimental culture of silver carp (Hypophthalmichthys molitrix) 
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Macrozoobenthos 
Sediments were sampled on fixed stations on a transect 
three times per season (two times in 1982) by a BIRGE- 
EKMAN grab. Samples were passed through a 0.9 mm 
sieve. Until 1983 formalin fixed samples were pro- 
cessed, specified, counted and weighed in the laborato- 
ry. Later this was reduced to field counts on the sieve or 
on a white tray right after sampling. In order to allow for 
biomass calculations, individuals were grouped refer- 
ring to the medium weights in previous years. 
Native fish species 
Between 1977 and 1999, 21 major fish hauls were per- 
formed on Lake Heiliger See either by us or in our pres- 
ence. For the narrow sampled time period of 1977-1990 
this frequency is close to the upper sensible limit. Already 
at a frequency of one seine net fishery per year training 
effects could be observed in Lake Heiliger See while in a 
neighbouring lake (Groger Plunzsee) one fishing with 
electricity per year sustained a complete catch avoidance 
reaction by eel (BARTHELMES & DOERING 1996). From 
this a fundamental limit to the practicable monitoring fre- 
quency in smaller lakes can be seen: accurate census of a 
less frequent species can not be made more precise by 
more frequent samplings ince different species might 
learn avoidance behaviour more readily than others 
which leads to drawbacks of unknown extent in terms of 
the species dominance structure in the samples. 
A large seine net was applied eight times between 
1977 and 1989. With 18 m in depth and 500 m wing 
length it was suitable to fish the whole lake at once. The 
mesh size of the cod end was 18 ram. Gillnet samplings 
were also performed frequently. Until 1989 commercial 
net material with mesh sizes between 8-80 mm was 
used. In 1998 and 1999 these nets were replaced by ex- 
perimental multimesh gillnets with a random combina- 
tion of 16 different mesh sizes between 6 and 75 ram. 
Fishing with electricity was performed less often and 
served as a supplement. A few times it was combined 
with seine net fisheries but was not recorded separately. 
Also as a supplement two large trap nets were set up in 
May 1982 and April-May 1983. 
Small littoral species were occasionally sampled by a 
small beach seine with 15 m wing length and 6 mm 
mesh size. 
The fry of cyprinids was quantified by taking advan- 
tage of a phenomenon regularly observed in small akes: 
on calm and sunny days, a few days after hatching, fry 
accumulate in compact schools near the surface. They 
take position slightly outside the spawning area and may 
cover the whole lake in a ring-shaped band. Fry density 
in the band was determined every 50 m by a small hand 
net directed afixed distance in front of the drifting boat. 
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Length and width of the band (often just 1-2 m in width) 
as well as interruptions were roughly estimated from the 
boat. Such estimations are confined to periods of high 
water transparency (sunshine, no waves) and prior mon- 
itoring of spawning activities and hatch. Often just a few 
days are favourable, while at adverse conditions or a few 
days later eliable stimations are impossible. Fry of per- 
cids could be quantified in the pelagial zone with the de- 
scribed net of 0.25 m s opening. 
For a qualitative species ampling the application of 
different fishing gear during a longer period in Lake 
Heiliger See is of advantage (BARTHELMES & DOERING 
1996). On the other hand different selection profiles do 
not allow for an evaluation of dominance structures by 
catch analyses of different gear (JACKSON & HARVEY 
1997). Therefore, the relative species abundance was 
pooled only within each gear. From the results of "total 
seine hauls" the total fish biomass can be estimated by 
an addition of 100-200% (BARTHELMES 1981). A sepa- 
rate estimation of the biomass of different species was 
carried out using the mark-recapture method of PE- 
TERSEN specified by LAMARQUE (1978). Individual size 
dictated ifferences in the metabolism rate and therefore 
the feed demand and feeding pressure of 1 kg fish 
biomass were accounted for by calculating the metabolic 
fish biomass using the term m= v~ °8 x n (VINBERG 1956; 
m = metabolic biomass, ~ = mean individual weight 
within the season, n= number). 
Results and Discussion 
Fisheries management between 1977-1999 
• Management of common carp (Cyprinus carpio) 
and stocking of eel (Anguilla anguilla) and their ef- 
fects on the lake 
In contrast to the intensive carp culture in some East- 
German lakes in the 1960's, Lake Heiliger See was used 
for an extensive carp culture without supplementary 
feeding with grain. Both carp culture systems aim at a 
conversion of natural production into carp which are 
economically important, while most other cyprinids are 
not. 
For extensive culture a stocking of 50-100 two sum- 
mer old common carp (Ks) per hectare very two years is 
necessary. Higher stocking rates result in carp with less 
than 1 kg individual weight after two years in the lake 
due to food shortage. In 1977 it was planned to stop 
common carp culture in Lake Heiliger See because a test 
stocking with 1 000 two summer old silver carp (Si2) per 
hectare was scheduled. On 14.6. i979, about 1.5 years 
after the Si2 stocking, an unknown umber of K 2 with an 
individual weight of 200 g was erroneously stocked in 
addition. An evaluation with the LAMARQug-method in
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Fig. 1. Catch of a seine haul in Lake Heiliger See in 1977. 
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Fig. 2. Growth of roach in Lake Heiliger See in 1977/78 and 1981/82. 
May 1980 revealed a stock of 137 common carp per 
hectare (confidence interval 98-176). Referring to the 
epilimnic bottom area of the lake (Table 1), this amounts 
to 482 carp/ha, which is considered as excessive over- 
stocking. This development was accompanied byan ex- 
tremely strong eel stocking. 
In 1977, glass eel (A0) were stocked at 935 individu- 
als/ha into the lake, which was erroneously classified by 
MOLLER (1963) as an eel-pike-lake. For food uptake el 
were confined to the same 2.9 ha epilimnic bottom area 
as carp. Therefore the real stocking corresponds to 
3289 A0/ha. For shallow lakes a maximum of 
1000 A0/ha is recommended. Moreover, larger eel were 
also present in the lake. Applying the LAMaRQUE- 
method in May 1982, their number was estimated to be 
62 individuals/ha (confidence interval 32-92) and 246 
individuals/ha epilimnic bottom area, respectively. 
Stocking with carp potentially results in a reduced 
biomass of zoobenthos and a promotion of small zoo- 
plankton due to preferred feeding on large zooplankton. 
These effects tart in common carp culture with supple- 
mentary grain feeding in the area of 200-500 kg/ha 
metabolic arp biomass. In similar conditions of a ben- 
thos biomass of <2 g/m 2, significant reductions of 
0.32 g/m 2 for each increase of the stocking density by 
1 000 K1Jha (corresponding to 250-300 kg/ha metabol- 
ic biomass) have been described (MOI~I~ER & MERLA 
1962). According to KAJAK et al. (1972), in a moderately 
eutrophic pike-tench-lake with a fish biomass of 
150 kg/ha composed of tench, roach, perch, crucian carp 
and pike (ZAWISZA & CIEPIELEWSKI 1973) stocking with 
28.7 kg/ha common carp and 7.8 kg/ha bream (corre- 
sponding to 33.8 kg/ha metabolic arp biomass and 
10.8 kg/ha metabolic bream biomass) was sufficient to 
produce the same effect (see also KAJAK 1988). As was 
to be expected, the effects of carp add to the effects of 
the native fish stock. 
In Lake Heiliger See fish stock reached abiomass of 
roughly 600 kg/ha in 1977 (estimated by BARTHELMES 
1981; Table 2). Assuming an average individual weight 
of 100 g, this amounts to a metabolic biomass of 
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950 kg/ha. Given the epilimnic bottom area, it means a 
biomass density of 3 341 kg/ha. As a result, dominating 
roach feeds on plankton and is poorly growing (Figs. 1 
and 2) while the benthos biomass with an average of 
0.65 g/m 2 was extremely low by 1978, already. Accord- 
ing to M~I~LER & MERLA (1962) 0.9 g/m 2 benthos 
biomass on a sandy-muddy bottom as is found in the 
epilimnic bottom area of Lake Heiliger See can be con- 
sidered a basic reserve rarely accessible to fish. After 
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overstocking with common carp in 1979 benthos 
biomass decreased to an average of 0.33 g/m 2 in 1980 
(Fig. 3). From this decline not only chironomid larvae in 
the epilimnic area were affected but also Chaoborus lar- 
vae in the hypolimnic H2S-zone. This implies an intensi- 
fied grazing on rising Chaoborus by fish in the pelagic 
zone at night or a determined short descent of fish into 
the oxygen free hypolimnion for feeding. The differ- 
ences are not statistically proven due to the extremely 
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Fig. 3. Benthos biomass in Lake Heiliger See in 1978, 1980, 1982 (a = 18.05.; b = 05.07.) and 1983 (c = 17.05.; d = 04.07.; e = 29.08.), 
from top. Columns represent biomass of Chaoborus (grey), Chironominae (striped) and Oligochaeta (white). Bottom figure shows lake depth 
profile (2-times in excess) and corresponding sampling sites (circles = sampling sites, solid line = lake bottom; area below dotted line = volume 
filled with H2S). 
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low level of benthos biomass, however its consequence 
can be seen in the extraordinary slow growth of common 
carp (Fig. 4) which after three years are below the size 
normally reached within one year. 
After the fish catches in autumn 1981 and spring 1982 
zoobenthos was relieved to some extent and density in- 
creased (Table 2; Fig. 3). It is important in this context, 
to note that the stock of roach strongly decreased atthe 
same time. In May 1982 only 50 kg were estimated for 
the entire lake using the LAMARQUE-method and several 
other indications, however due to the low numbers the 
confidence limits of this value are wide. Trap net catches 
of roach were very small at this time (Table 4). In au- 
tumn 1982 roughly 150 kg were caught again by seine 
net and between April and May 1983 approximately 
70 kg by trap nets (corresponding to 71% of the total 
catch in Table 2 and 36% of the total catch in Table 4, re- 
spectively). This collapse of the roach stock was con- 
firmed by a roach catch of 2.5 kg during a seine haul at 
10.10. 1983 (corresponding to 2% of the total catch in 
Table 2). Compared to that, in 1977 roughly 2.5 t roach 
were caught (Table 2) and according to commercial fish- 
ermen about he same amount had been also caught in 
1975. Using the yield estimation i 1951 (unpublished 
data of the Institute of Freshwater Ecology and Inland 
Fisheries, D - 12587 Berlin-Friedrichshagen, Miiggel- 
seedamm 310), a former stable mass development of
roach in Lake Heiliger See can be supposed (Table 5). 
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Fig. 4. Growth of common carp in Lake Heiliger See at a stocking density of 137 K2/ha total lake area and 482 Kjha epilimnic lake bottom 
area, respectively. 
Table 2. Seine net campaigns in Lake Heiliger See (catches without silver carp). 
Date 18.10.1977 18.10.1979 Nov. 1981 15.4.1982 9.11.1982 10.10.1983 29.3.1988 20,12.1989 1990 
(several times) 
Total catch (kg) 3587 98.5 437 89 211.5 124 300 26.2 2270 
Species Biomass proportion(%) 
Roach 70.2 76.0 8.0 23,0 71.0 2.0 27.0 43.0 80,0 
Common Carp 26.9 20.0 69.0 56,0 23.0 81.0 50.0 5.8 
Eel 1.3 1.6 
Perch <1 6.0 6.0 1.0 1.0 
Pike <1 3.0 11.0 11.0 5,0 2.0 4.4 
Pikeperch <1 4.0 4.0 1.0 16.0 19.0 
Bream <1 <1 2.0 <1 1.0 35.0 8.2 
Tench <1 
Bleak <1 3.0 
Ruffe <I 1.0 
Rudd 1,0 17.0 
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Despite the continuing re-catch of common carp, in 
1988-1990 zoobenthos values decreased again on the 
level of 1978 (medium values 1988:2.53 g/m2; 1989: 
1.31 g/m2; 1990:0.72 g/m2). Possibly, this traces back to 
the recovery of the roach population which in 1990 de- 
livered catches comparable to the level in 1977 (Table 
2). The lasting depression of zoobenthos biomass which 
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was only interrupted by effective seine hauls, has an im- 
portant indirect effect on the food choice of eel. It must 
have led to a switch from zoobenthos as the main diet to 
fish predation (including spawn and fry) and cannibal- 
ism. It is hard to imagine any other explanation for the 
good condition of the eels caught. Other evidence for 
this switch is the exclusive appearance of wide headed 
Table 3. Gillnet fisheries in Lake Heiliger See (catches excluding silver carp, 1998 and 1999 multi-mesh gillnets). 
Date 16.5.1978 16.5.1979 15.10.1980 May1982 July1982 Sept.1984 29.6.1998 6.10.1999 
Total catch (kg) 1.14 2.95 0.37 12.9 8.26 24.54 7.55 23.1 
Species Biomass proportion(%) 
Roach 69 81 10 71 74 5 21 
Common Carp 41 15 
Perch 31 14 90 6 16 32 11 
Pike 28 22 11 
Pikeperch 2 9 2 
Bream 5 37 
Tench 31 
Bleak 16 <1 
Ruffe 1 1 
Rudd 5 29 1 1 7 
White Bream <1 3 2 
Dace <1 
Chub <1 
Hybrid Bream-Roach <1 
Hybrid Bleak-Roach <1 
Table 4. Electrofishing and trap net campaigns in Lake Heiliger See (catches without silver carp). 
Electrofishing Trap net fisheries 
Date 14.5.1980 29.6. 1998 6.10. 1999 11.-25.5.1982 April-May 1983 
Total catch (kg) 75.0 15.4 35.5 34.6 196.5 
Species Biomass proportion (%) Biomass proportion (%) 
Roach 27 3 3 3.7 
Common Carp 7 14 18.2 
Eel 27 35 14 28.9 
Perch 12 23 17 11.7 
Pike 3 18 18.9 
Pikeperch 11 <1 
Bream 12 
Tench 9 
Bleak <1 
Rudd 13 24 18 18.6 
Crucian Carp <1 <1 
White Bream 3 7 
Hybrid Bleak-Roach <1 
Sunbleak <1 <1 
36 
4 
43 
5 
6 
6 
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Table 5. Species biomass proportions in commercial catches be- 
tween 1949-1951 (without scientific control). 
1949 1950 1951 
Total catch (kg) 2 553 5 721 2 061 
Species Biomass proportion (%) 
Roach 27,9 50.0 77.9 
Bream 30.6 31.5 4.1 
Tench 19.6 8.5 10.3 
Pike 13,8 6.4 6.6 
Eel 6.4 2.3 0 
Pikeperch <1 <1 <1 
Perch 1.0 <1 <1 
Wels 0 <1 0 
specimen. At the same time, the extraordinarily strong 
stock of small eels would be likely to have contributed to
the further reduction of the zoobenthos biomass. 
The expected effect of carp stocking increasing the 
proportion of small zooplankton species by selective 
grazing on large fractions was not observed in Lake 
Heiliger See because large zooplankton species were 
largely absent prior to the stocking. Instead, the amount 
of small zooplankton decreased, which we interpret as 
the effect of silver carp (see the next chapter, p. 21). 
Another effect of common carp is the resuspension f
sediment, which was shown to result in a decreased 
trophic state by KAJAK et al. (1972). The authors report- 
ed, that gross primary production of phytoplankton de- 
creased by 35% and its biomass by 44% due to reduced 
water transparency. A possible promotion of phosphorus 
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release from the sediment due to digging carp was over- 
compensated bythis effect or became vident only later 
in combination with grass carp (Ctenopharyngodon 
idella) stocking (ZDANOWSKI et al. 1999). A similar ef- 
fect of increased turbidity and TP but no effect on Chl.a 
and decreasing soluble reactive phosphorus (SRP) after 
carp stocking in a Great Lakes wetland in North America 
were reported in a field study by LOUGnD et al. (1998). 
In terms of nutrient dynamics other authors howed, that 
the excretion of TP by benthic feeding fish like carp is a 
major source of TP and Chl.a increase in lake waters 
(e.g. LAMARRA 1975; BRABRAND et al. 1990). However, 
the effect of common carp on the trophic state of Lake 
Heiliger See was not unequivocal. Seston dry weight, 
which also includes the stirred sediment, seemed inde- 
pendent of the development of the phytoplankton cell 
number (Fig. 5). Moreover, with respect to dry weight 
seston is roughly one magnitude higher compared to 
phytoplankton biomass (biovolume), which varied be- 
tween 3.8 rag/1 and 15.4 rag/1 fresh weight in 1987-1990 
(compare Fig. 11). However, seston is not sufficiently 
correlated to the development of carp biomass in Lake 
Heiliger See. While the minimum of seston dry weight 
in 1982 could be explained by the relatively high carp 
removal of 351 kg in autumn 1981 and spring 1982 (cor- 
responding to 69% and 56% of total catch in Table 2), it 
remains unclear, how the consistently diluted carp stock 
could have caused the subsequent increase of seston dry 
weight o its maximum value in 1985. Furthermore, in
Lake Heiliger See seston values had shown a typical de- 
cline over the season (Fig. 6), while in cases of a distinct 
effect of carp like for example at approximately 
500 kg KJha in ponds, seston is expected to increase 
continuously (BARTHELMES 1964). Finally, TP values 
showed a consistent but slight decrease in the years fol- 
lowing 1979 and remained in general in the same range. 
This again does not give any indication for a resuspen- 
sion of sediment by carp (Fig. 7). Only phytoplankton 
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cell number has shown a trend since 1979, but in con- 
trast to carp biomass this trend is directed upwards 
(compare Fig. 11). However, an increase of the trophic 
level is not deducible from the phytoplankton i crease, 
because Chl.a as an indicator of biomass development 
barely follows this trend. 
Finally, in Lake Heiliger See submerged vegetation is
generally absent (e.g. unpublished data of the Institute of 
Freshwater Ecology and Inland Fisheries from 1951) 
and so the previously reported ecline of habitats for 
submerged plants because of food searching by carp (see 
for example BARTHELMES 1964; KAJAK & ZAWISZA 
1973) has not been considered. According to results of a 
stocking experiment in a pond farm in north east Ger- 
many (Blumberger Mt~hle) in 1989 this effect appears at 
a stocking density higher than 100 carp/ha with a body 
weight of 1 kg. 
Summarizing the results, the intensification of the 
shortage of macrozoobenthos has to be considered as the 
most pronounced effect of common carp stocking in 
Lake Heiliger See. 
• Exper imenta l  management  with si lver carp (Hy- 
pophthalmichthys molitrix) and its effects on the lake 
The aim of silver carp stocking is the direct utilization of 
phytoplankton by fishes. Today, anthropogenic eutrophi- 
cation of lakes is widely distributed. In affected lakes, 
phytoplankton remains a proportionally ess used food 
reserve for zooplankton, zoobenthos and therefore na- 
tive fishes. According to the results of the mentioned 
preliminary data collection, 100 Si/ha at 500 g body 
weight in combination with carp are using this reserve 
incompletely, 1 000 Si/ha completely and 10 000 Si/ha 
do result in an over usage with remarkable ffects 
(BARTHELMES 1981). In Lake Heiliger See, the medium 
stocking density was chosen. Initially, also high stocking 
rates were of interest because of the assumption that 
such levels of silver carp could clear up lakes by filter 
n 
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Limnologica (2003) 33, 10-28 
20 D. Barthelmes&U. Br~mick 
1600000 
1400000 
1200000 
1000000 ~ " - .  
800000 
600000 
0 400000 ~'" 
200000 i 
0 ~ . . . . . . . . . . . . . .  
0 500 1000 1500 
/ 
A 
/ 
/ 
/ 
1 
2000 2500 3000 
Metabolic biomass (kgtha) 
Fig. 8. Increase of phytoplankton 
cell number (corresponding to trend 
in biomass) with rising metabolic 
biomass of silver carp (average of 
the growing season)in stocking ex- 
periments in the pond culture exper- 
imental station K6nigswartha at 5 
samplings per season and 3 repli- 
cates (solid line, 1976) and 5 sam- 
plings without replicates (dotted 
line, 1977). 
8000 r ................................................................ 7 
g 7000 li 
6000 I i 
~ 5000 
4o00 
 s3ooo -..  
~" 2000 " ' ' ' ' ' .  $ 
LL 1000 
U 
0 500 1000 1500 2000 2500 3000 
Metabolic biomass of silver carp (kgtha) 
Fig. 9. Decrease of the number of 
filter feeders in zooplankton (dado- 
cerans and rotatoria) with rising 
metabolic biomass of silver carp in 
stocking experiments in the pond 
culture experimental station 
K6nigswartha at 5 samplings per 
season and 3 replicates (solid line, 
1976) and 5 samplings without 
replkates (dotted line, 1977). 
1600 
"~" 1400 
o~ 1200 2~ 
tooo 
E .~ 800 
..0 
.~ 600 
0 
_o 400 
200 
g 
cO O~ 0 
~ ~ O0 
:if! 
:ii ii 
03 (3") ~ ~D ~ ~ 03 
S S K S 
,., 
...... / 
O0 02, 0 v... C',I ¢0  ~"  IX3 
CO CO 03 03 03  03  03  t2~ 
~1 ¢33 ~ 03 03 03  03  03 
Year t 
S 
cO I',,- 
03 03  
o~ O~ 
.,c- 
t1 
G G 
!i'i if{ 
co 03 
03 
t33 O'~ 
t 
G 
0 
0 
0 
S 
Fig. 10. Metabolic biomass of silver carp in Lake Heiliger See (columns) and fishing campaigns (S = seining, K = losses due to intensive pre- 
dation by cormorants, G = giHnetting). Dotted horizontal line = metabolic biomass limit, above which plankton is changing considerably ac- 
cording to prelimnary studies. After fishing activities in 1983 new stocking in 1984. 
Limnologica (2003) 33, 10-28 
feeding and thereby decrease anthropogenic eutrophica- 
tion. This concept was supported by the observation that 
large Daphnia species are able to clear up highly eu- 
trophic waste water ponds by filter feeding (UHLMANN 
1954). But in the first studies of silver carp in mid-Euro- 
pean carp ponds a distinct difference between filterfeed- 
ing silver carp and Daphnia became apparent: he food 
size spectrum of Daphnia reaches down to the size of 
bacteria, the one of silver carp just into medium ranges 
of nano-phytoplankton (5-10 ~m). Due to this differ- 
ence, phytoplankton grazing silver carp led to a promo- 
tion of smaller size fractions. Together with larger, indi- 
gestible species, the small size groups caused an in- 
crease of primary production and phytoplankton 
biomass. Our studies confirm these reactions (concern- 
ing biomass ee Fig. 8; concerning primary production 
see BARTHELMES 1989), which were documented first by 
WOLNY & GRYGIEREK (1972). At the same time zoo- 
plankton in Lake Heiliger See showed an unexpected 
strong decline, at which smaller fractions were affected 
stronger than larger ones including Daphnia (BARTHEL- 
MES 1981; Fig. 9). In addition it turned out, that small 
zooplankton (small cladocerans like Bosmina Ion- 
girostris and rotatoria), which is commonly used by the 
fry of native fish species only, determined the growth of 
silver carp to a considerable xtent. If the metabolic 
biomass of silver carp exceeds a limit of 500 kg/ha due 
to stocking or individual growth, small zooplankton be- 
comes overused (Fig. 9) and growth of silver carp is de- 
clining. 
In Fig. 10 metabolic biomass of silver carp in Lake 
Heiliger See is summarized. Until 1981 the values result 
from the original experimental design. Thereafter, dif- 
ferences occur due to a net damage during seining fol- 
lowed by catch avoidance reactions of fishes (1982 and 
1983), but above all due to cormorant (Phalocrocorax 
carbo) invasion in a new experiment with silver carp of 
35 g body mass at stocking in September 1984 (BAR- 
THELMES & HELMS 1989). Despite different approaches, 
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cormorant induced fish losses could not be estimated 
with a sufficient precision and gave rise to an unintended 
development after 1989. As a result of adaptations in
fisheries economics, a subsequent seine net haul in Lake 
Heiliger See was carried out not before 1999. In concert 
with gillnet catches ince 1995 (Table 6), this haul al- 
lowed a corrected back calculation of the metabolic sil- 
ver carp biomass ince 1985. Following this calculation, 
metabolic biomass was always exceeding the limit of 
500 kg/ha and reached in several years (1987, 1989, 
1995-1997 and also probably in 1994) values higher 
than the top which had been noted in 1981 (Fig. 10). At 
such silver carp biomass an increase of phytoplankton 
cell number has to be expected according to Fig. 8. But 
in Lake Heiliger See, this increase did not occur in 1987 
and 1989. The observed values of Chl.a (biovolume 
since 1987) document a roughly constant phytoplankton 
biomass (Fig. 11) probably due to a significantly in- 
creased sedimentation. The string-like xcrements ofsil- 
ver carp sink at 1-3 m/min. Therefore they pass the epil- 
imnion layer in a maximum of 5 minutes. Taking this 
short period and the low digestion rate of phytoplankton 
into account (BARTHELMES 1977) nutrient release is ex- 
pected to remain low. The strong stratification of Lake 
Heiliger See (Fig. 12), which is in contrast to shallow 
carp ponds and lakes, prevents atransfer of resuspended 
phytoplankton or mineralised nutrients into the epil- 
imnion during the vegetation period. 
In terms of phytoplankton composition, a distinct re- 
duction of the genus Microcystis from 99.9% to a com- 
plete absence was observed. This development came 
along with the decrease of cell number during the first 
four years of the experiment. The minimum cell number 
in 1979 (Fig. 11) is followed by a dominance of Lim- 
nothrix redekei, Planktothrix agardhii and Oscillatoria 
spec. Since 1984 Microcystis has been detectable again 
in minor proportions (around 10%) including a short- 
term increase in 1988 and 1989 to 49.6% and 33.8%, re- 
spectively. According to BURSCHE (1955), the observed 
Table 6. Commercial fish catches between 1990-1999 in Lake Heiliger See (1990 and 1999 seining, otherwise gillnetting and electrofishing) 
without scientific ontrol. 
Year Catch(kg) 
Eel Common Carp Pike Roach Bream SilverCarp Tench Pikeperch 
1990 37 132 10I 1815 185 
1993 10 5 10 
1994 15 12 20 2 20 
1995 700 
1996 20 10 25 800 10 
1997 20 17 1 900 15 55 
1998 5 35 56 3 900 20 35 
1999 5 52 50 10 300 17 
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Table 7. Zooplankton in Lake Heiliger See in the years 1978, 1981, 
1989, 1990 (+ = presence). 
Year 
Category 1978 1981 1989 1990 
Copepods 
Cyclops vicinus + + + + 
Cydops-Copepodite + + + + 
Eudiaptomus pec. + 
Diaptomus-Copepodite + 
Nauplia + + + + 
Cladocerans 
Bosmina Iongirostris + 
Bosmina (Eubosmina) coregoni + + 
Daphnia cucullata + + 
Daphnia galeata + + + 
Ceriodaphnia spec. + 
Diaphanosoma brachyurum + 
Chydorus sphaericus + 
Leptodora kindfii + 
Non-predatory rotatoria 
Keratella cochlearis + + + 
Keratella quadrata + + + 
Polyarthra spec. spec. + + + + 
Pompholyx sulcata + + + + 
Notholca Iongispina + + + 
Brachionus calyciflorus + 
Brachionus angularis + + 
Conochilus unicornis + + + 
Lecane spec. + + + 
Filinia Iongiseta + + 
Collotheca spec. + + 
Lepadella + 
Pedalia spec. + 
Synchaeta spec. + + + + 
Non specified rotatoria + 
Predatory rotatoria 
Asplanchna pridonta + + + 
Trichocerca spec. + + + + 
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change in the phytoplankton dominance structure is like- 
ly to result in a "milk-glass-effect" onSecchi-depth, too 
(Fig. 13, years 1977-1980 and 1988-1990). Due to the 
multitude of possible factors the triggering mechanisms 
behind the dominance change are not unequivocal. We 
suppose, that the silver carp stock is directly or indirect- 
ly responsible for this development, although Microcys- 
tis is considered as hardly digestible [gelatinous cover of 
colonies, possibly generation of toxins, e.g. LAMPERT 
(1981) and BENNDORF et al. (1988)]. 
At the beginning of the study, zooplankton of Lake 
Heiliger See was comparable toother eutrophic lakes in 
terms of quality and quantity. As expected, a distinct im- 
poverishment occurred within the first years until 1981 
(Fig. 14). Above all, the species "impoverishment" 
(Table 7) has to be interpreted as a reduction of quantity 
below a detectable imit (SOMMER 1994). The reduction 
was more pronounced in cladocerans and rotatoria (Fig. 
14) but affected copepods, too. The most remarkable 
change in this context is the reduction of Bosmina lon- 
girostris from values of around 1 500 individuals/1 in 
May 1978 to its absence in 1981. Silver carp metabolic 
biomass reached a first maximum in 1981 but dropped 
after the first seine haul to a lower level, which had not 
caused areduction in zooplankton quantity in 1978 and 
1979 (Figs. 10 and 14). Only in 1984 it exceeds again 
the limit of 500 kg/ha. Consequently, the zooplankton 
stock is recovering and reaches the magnitude of former 
years again between 1982-1984 (Fig. 14). 
For an interpretation of this development, the mini- 
mum of roach biomass during these years has to be con- 
sidered as well. The delayed effects on zooplankton i  
the initial stages between 1982-1984 had been lasting 
over years. A comparably delayed reaction of zooplank- 
ton development seems to occur in the following reduc- 
tion period of silver carp metabolic biomass between 
1987 and 1988 (Figs. 10 and 14). During the years of 
distinct zooplankton impoverishment itsbiomass is re- 
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maining below 1 mg/1 fresh weight. In correspondence 
with preliminary studies we conclude, that silver carp 
are responsible for the decrease of zooplankton. This 
view is supported by simultaneous studies on a lake with 
an extreme high metabolic biomass of silver carp (see 
Fig. 14, Dorfsee Grt~nz: 1977 = 0; 1978 = 1 411 kg/ha; 
1979 = 1 976 kg/ha; 1980 = 2 267 kg/ha). Because the 
proportion of zooplankton i the gut of silver carp com- 
pared to lake plankton (BARTHELMES ~; JAHNICHEN 
1978), a direct reduction of zooplankton by silver carp 
grazing is not in question. Moreover, also indirect ef- 
fects of silver carp on zooplankton are possible due to a 
reduction of digestible detritus and phytoplankton 
(BARTHELMES 1975, 1982). ZDANOWSKI et al. (1999) 
found a strong reduction of zooplankton, too, though 
after mixed stocking with silver carp and the stronger 
zooplanktivorous bighead carp. 
Effects of management changes on the 
native fish fauna 
The most substantial feed back of common carp on the 
lake biology consisted in a long lasting aggravation of
the benthos impoverishment, whereas ilver carp culture 
led to an extreme reduction of zooplankton. Concerning 
the native fish fauna it is often speculated by fishermen, 
that common carp may disturb the spawning or prey on 
the fry of native species. The consumption of fish eggs 
by eel is confirmed in this context (e.g. BERt 1988). An 
additional influence may arise from a silver carp in- 
duced shortage of digestible phytoplankton a d detritus, 
which may be important for roach in cases of scarce feed 
sources like in Lake Heiliger See. 
In Tables 2-4 and Table 8 qualitative and quantitative 
data concerning the composition ofthe fish stock includ- 
ing sampling dates and gear are summarized. According 
to the data given in Table 8 species inventory at the end 
of the observation period of more than 20 years eems to 
be very similar to the situation at the beginning. From 
the 17 species detected overall (excluding hybrids of 
bream x roach and bleak × roach, but including common 
carp), 9 species were caught in a 2-days seine fishing 
(2 hauls) which was accompanied by a not separately 
registered electrofishing in October 1977. At the end of 
the observation period in 1998, multimesh gillnets and 
electrofishing detected 10 species. In comparison with 
the species composition in 1977, common carp and 
bleak could not be proved. Instead, rudd, white bream 
and sunbleak were detected additionally. The absence of 
common carp and bleak in 1998 is attributed tomethodi- 
cal reasons. A replication i  October 1999 with a double 
catch effort and on an enlarged area (total catch in 1998 
-- 28.4 kg, 1999 = 58.6 kg) revealed 14 species (without 
bream x roach hybrids) including bleak and common 
carp. With regard to the imperfection ofall gear types in 
terms of a complete species record (Table 9) and the fact, 
that 2 species ampled in 1999 must be considered as ac- 
cidental guests from running waters (dace and chub), a 
negative trend of species richness can be largely exclud- 
ed. If the 3 annual catch statistics of the yield estimation 
studies in 1951 are added (Table 5) just the wels was 
missed between 1977 and 1999. However, this species 
was just caught in small amounts in one of the three 
years (1950). This can be interpreted as a sporadic oc- 
curence in this period. The species is still present and 
naturally reproducing in a small ake in the woods just 
upstream of Lake Heiliger See (BARTHELMES et al. 1995) 
and a sporadic downstream igration into the lake can 
not be excluded. 
Data of relative abundance presented in Tables 2-5 
illustrate the total dominance of roach from 1950 to 
1980. The following, short-termed collapse of the roach 
stock (see above, p. 16/17) has to be explained in all 
probability with the extraordinary strong competition 
for food induced by common carp on the lake bottom 
and silver carp in the pelagic lake zone. This view is 
supported by the repeated deterioration f the individual 
growth of roach during this time (Fig. 2) and can be in- 
terpreted as an experimental evidence for a thesis pub- 
lished by SVARDSON (1976). The author states, that the 
species with the best ability in using phytoplankton be- 
comes dominant in lakes of our region (silver carp bet- 
ter than roach). The observed high yields of roach in 
1990 despite its foregoing stock collapse and a continu- 
ous high silver carp biomass is probably caused by the 
different stock dynamic of both species. While the 
none-reproductive silver carp persists in the limits of 
stocking and decreases due to both fishing and natural 
mortality, roach is moderately reproducing year by year. 
A precondition for its ongoing reproduction even under 
unfavourable conditions i  the onset of sexual matura- 
tion at a length of about 12 cm and a weight of 10-15 g. 
As a result, first and second season spawners are not af- 
fected by seine netting because of larger mesh size. 
Numbers of fry per year varied between 500-15 000 in- 
dividuals/ha. In addition and despite the absence of a 
vegetation shelter against water current, zooplankton i
the littoral zone often supplied > 1000 organisms per 
litre as a feed source for roach fry (cladocerans, nauplia, 
rotatoria). PANOV (1968) considers 200 individuals/1 as 
a critical feed density, at which e.g. bream fry is starving 
to death in larger amounts. On the contrary, 1000 indi- 
viduals/1 are an optimum amount for most species 
(PANov 1966). The collapse of the roach population ob- 
served in catch statistics had probably been a result of a 
strong growth depression of juveniles. At a following 
minor improvement of growing conditions these age 
classes reached a catchable size fast and allowed the 
massive catch in 1990 (Tables 2 and 6). Even percid fry, 
which grows up offshore in the pelagic zone, obviously 
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found sufficient food in most of the years. Though fry 
could be sampled by a 0.25 m 2 net only in 1979 (12 000 
ind./ha), in 1984 (40 000 ind./ha) and in 1985 (20 000 
ind./ha), perch was caught in a wide spectrum of age 
classes during all years (Table 8). Thereby, four out of 
nine seine hauls remained without perch catches, 
whereas all other gear types with the exception of one 
gill net fishery in May 1982 always yielded perch catch- 
es partially in considerable proportions (Tables 2-4). 
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This difference is due to a concentration f young, non 
piscivore age classes in shallow waters. Such areas were 
preferringly fished by electricity, trap nets and partially 
gill nets as well. On the opposite, seine catches often 
contained larger piscivore perch (up to 1.4 kg body 
mass). 
The development of pikeperch, which is a rare 
species in Lake Heiliger See, is informative inparticular. 
Its high market value results in accurate catch statistics, 
Table 8. Fish species recorded in Lake Heiliger See with the help of different gear (S = Seine net, BS = Beach seine, G = Gillnet, T = Trap net, 
E = Electrofishing). 
Date 
Species X V V X V X XI IV V V VII XI IV/V X IX III XII Vl VI X X Sum* 
1977 1978 1979 1979 1980 1980 1981 1982 1982 1982 1982 1982 1983 1983 1984 1988 1989 1998 1998 1999 1999 
Roach 
Perch 
Pike 
Common 
Carp 
Pikeperch S 
Rudd 
Bream S 
Eel S 
Bleak S 
White Bream 
Ruffe 
Tench S 
Sunbleak 
Crucian Carp 
Spined loach 
Dace 
Chub 
Hybrid 
Bleak-Roach 
Hybrid 
Bream-Roach 
S G G S E G S S G T G S T S G S S E G E 20 
S G G E G S S T G T G S S G E G E 17 
S S E S S T S T G S G G F 13 
S S E S S T S T S G S G E 13 
E S S G S T S G S E G 
G E G T G S G S G E E 
S S S S S G E G 
E T T E E 
G S G E 
G G E G E 
S G S G 
BS 
G E 
E E 
E 
12 
11 
9 
6 
5 
5 
4 
3 
2 
2 
1 
1 
1 
1 
G 1 
* Summary of 21 fishing campaigns excluding commercial catches between 1990-1999 (see Table 6). 
Table 9. Fishing gear applied to Lake Heiliger See between 1977-1990 excluding commercial catches between 1990-1999 and number of 
species not recorded by a given gear. 
Gear type Number and names of species and hybrids not recorded 
Seine (9 applications, Table 2) 
Gillnet (8 applications, Table 3) 
Electrofishing (3 separate applications, Table 4) 
Trap nets (2 short applications, Table 4) 
7 (Crucian Carp, White Bream, Hybrids Bream-Roach and Bleak-Roach, Sunbleak, Dace, 
Chub) 
4 (Eel, Crucian Carp, Spined Loach, Sunbleak) 
5 (Ruffe, Hybrid Bream-Roach, Spined Loach, Dace, Chub) 
12 (Bream, White Bream, Ruffe, Tench, Bleak, Crucian Carp, Hybrids Bream-Roach 
and Bleak-Roach, Spined Loach, Sunbleak, Dace, Chub) 
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which itself allows to draw conclusions on fry growth 
and survival because of the high growth potential [catch- 
able size reached within 3 years; BARTHELMES (1988)]. 
Pikeperch was caught in amounts as low as in present al- 
ready in 1950 (Tables 2, 5 and 6). Stocking with one 
summer old fingerlings in 1974 remained unsuccessful. 
In the same way a cohort originating from natural repro- 
duction in 1976 just produced the commonly known sin- 
gle individuals up to 4.2 kg body mass (BARTHELMES 
1988). This cohort was still growing up before the im- 
poverishment of zooplankton. After common carp stock- 
ing and the reduction of zooplankton by silver carp the 
shape of the pikeperch stock including its fry production 
and survival remained constant (Tables 2-4). Therefore 
we conclude, that not food shortage but roach predation 
has to be assumed as a bottleneck for pikeperch fry 
(BARTHELMES 1988). The higher abundance of early 
spawning perch compared to late spawning pikeperch 
could be explained under these circumstances with in- 
hibited predation by roach due to a lower water tempera- 
ture and the beginning of roach spawning subsequent to
the perch spawning season in March/April. Both in- 
hibitors are not effective at the end of May and the be- 
ginning of June, when pikeperch fry is reaching the en- 
dangered size spectrum. 
Given the development of pikeperch it can be expect- 
ed that other are species remained uninfluenced aswell 
in spite of all individual features, although the combined 
effects of silver and common carp in Lake Heiliger See 
reached an extreme level. These effects are more pro- 
nounced in the pelagic zone (roach prey on plankton and 
fry, reduction of zooplankton) than in the littoral zone, 
were the fry of all other species except perch is growing 
up. Indeed relative abundance figures presented inTa- 
bles 2-4 as well as quantitative species records do not 
give any implications for negative influences within the 
mentioned methodical limits. This also means, that a 
possible predation of common carp and eel on eggs and 
fry in the littoral zone did not exceed the essential limit 
to sustain the populations of rare species. In considera- 
tion of all limitations, a combination ofthe data from Ta- 
bles 2-4 and Table 6 rather leads to the impression, that 
a few formerly rare species like tench, bream and white 
bream have become more frequent by the end of the 
study. On the other hand the total dominance of roach 
seems to have stopped. If the results how any tendency, 
than it goes towards the restoration of the conditions in 
the years around 1950 (Table 5). The methodical prob- 
lems do not permit a more precise judgement. 
Conclusions 
In their entirety the results of this study support the pre- 
vious finding, that opposite to salmonid lakes cyprinid 
lakes are very robust systems in terms of species inven- 
tory (BARTttELMES 1983). Even strongest interventions 
in Lake Heiliger See due to the combination ofa scien- 
tific experiment (stocking of silver carp) with a partially 
unintended miss management (strong stocking with 
common carp and eel regardless of H~S-areas), did not 
overcharge the regulation ability of the ecosystem with- 
in the period observed. This is in agreement with recent 
results fi'om 16 lakes in the north-east German Lowlands 
published by ECKMANN (1994), who could not observe 
indications for a reduction of fish species richness due to 
anthropogenic influences including intense fisheries 
within the last decades. Also in north American lakes no 
correlation between species richness and both "anthro- 
pogenic induced stress" (defined as the extent of human 
activity in the watershed), road- or population density 
(WHITTmR 1999) and the trophic state index (JENNINGS 
et al. 1999) could be found. Though the latter authors de- 
scribed a negative correlation between the trophic state 
index in lakes of northern Wisconsin and the number of 
species classified as "intolerant". But at the same time 
some other species, which remained absent at a lower 
trophic level emerged in more eutrophied lakes. This re- 
quires a high species richness as it can be found on the 
north American continent due to zoogeographical rea- 
sons. In contrast, he fish community of Lake Heiliger 
See is confined to species which are adjusted to eutroph- 
ic conditions. 
WI4Ia'TmR (1999) and JENNINGS et al. (1999), respec- 
tively, confirmed a correlation between lake surface 
area and fish species richness, which is in agreement 
with the findings of ECKMANN (1994). The latter egis- 
tered 5-14 species in lakes of 3-1055 ha surface area. A 
comparable correlation was found by HELM~NEN et al. 
(2000) for 22 lakes in southern Finland. Lake surface 
area accounted for 75% of the variation of species num- 
ber, whereas the trophic state index did for only 9%. In a 
single lake a maximum of 16 species was found by 
HELMINEN et al. (2000). But this species richness was 
correlated to a lake surface area of about 10 000 ha, al- 
ready. 
In Lake Heiliger See with an area of 10.2 ha 16 na- 
tive species were recorded. Therefore, an impoverish- 
ment of the species assemblage is very unlikely from 
this summarizing point of view, too. Instead it is in 
question, how a comparably high number of none 
stocked species can colonize such a small lake. Possi- 
bly, both in- and outflow are important in this context, 
though they are largely blocked for fish passage and the 
outflow, which is potentially more important for fish 
immigration must have experienced the same extreme 
plankton regime as the lake. But the accidental pres- 
ence of reophilic species like chub and dace suggest 
that running waters have an impact on the species as- 
semblage of the lake. 
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